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THE P/GIACOBINI-ZINNER MAGNETOTAIL

J. A. Slavinl, E.J. Satth!, P.¥. Daly?, K.R.
F.L.

R.A. Coldbergl, D.J. McTomas

Abstract
On September 11, 1985 the Jiternational Cometary
Explorer passed behind Comet Giacobini-Zinner
with & closest spproach distance of 7800 ka. In
agreenment with Alfven's {(nterplanetary magnetic
field line draping wodel of cometary type I tails,
a vell defined 1 x 10° ka diameter magnetotail
was observed downatream of the {nner coea. This
study uses the ICE magnetic fileld, plassa elec-
tron, plasma wave, and enecgetic fon observations
to {nvestigate the structurs and stabtlity of the
Glacobini~Zinner magnetic tail. Eaphssis 1s placad
on the {dentification of differences and siai-
larities betveen cometary and planerary nagneto-
ctails. Finally, the ICE magnetotail observations
are discussed in relation to the global solar wind
interaction vith P/Giacobin{~Zinner.

Keywords: Giacobini-Zinner, cometary magnetotail,
current layeis, reconnection.

1. Introduction

The International Cometary Explorer (ICE) Migsion
to P/Ciacobini{-Zi{nnar (G~1) has returned the firet
ia situ measuremants in a cometary magnetotail
(ref. 1,2). Combined with the upstreas solar wind,
fonoshesth, and {onospheric obeervations at P/Hal-
ley taken by Sakigake, Sufsel, Vega 1/2,
tto, the 1985-6 comet missions have provided a very
~sprehensive firet look at the solar wind interac-
vion with comets. This paper reports the rasults
of a G-Z magnetotail study vtilizing magnetic field
(ref. }), electron plaswa (ref. &, 5), plasns vave
(ref. 6), and enarget.c particle (7,8) odbeervations
recorded by ICE on Septembar 11, 1985. The findings
will be discuesed with an emphasis on i1dentifying
major glffurerces betveen the golar wind {tncer-
action with ciwets as opposed to planetary magnetic
flelds a=d lo-ospheres.

1) Jet Propulaton Laboratory, Pasadena, California,

JSaA
2) Max-Planck natitut fur Aerononiz, Katlenburg-
Lindau, FRGC

)) U-tverstity of Califor-ia at San Diego, La Jolla,
Californiy, USA

&) L~iversity of “aryland, Colluge Park, Maryla-=d,
USa

3) lLoa Alamos “attloral Lahoratory, Los Ala=ga,
Men{Q, JSA

6) TRK Space and Tecrrglagy Graup
Califor=ts, 'SA

1) Oamervatorie dc¢ Parts,
Cedex, Frange

New
Redpado Beach,

92199 Meudc~, Principal

and Gilo- *

FIIMMET1, G. Cloeckler‘,

Scartb, snd J.L. Stetnberg’

2. Tail Morphology

The {nterplanetary =agnetic field line draping mo-
del of cometary type I, or fon, tails advarced by
Alfven (ref. 9) was dramatically conf{rmed by the
ICE magnetic field observations as shown in the top
panel of Figure 1 (ref. 3. 10). The posftion of
the ICE spacecraft and eix second aversges of the
magnetic field have beea projected into the solar
wind aberrated cometocentric solar ecliptic coor-
dinate system wvhere X' (s anatiparallel to the
inferred solar wind velocity vector in the cozet
rest frame, Y' s parallel to the ecliptic plane
and rositive in a retrograde sense, and Z' completes
the right-handed system (ref. 1l1). As shown, the
spacecraft observed turbulent, weakly draped mag-
netfic fields (n the {onos™eath. Near Z' =-5 x 10

ku, the magnetic field rapidly increased in magni-
tude and rotated to a more strongly draped configu~-
ration as ICE passed behind the inner cosma. Short-
ly before closest approach, the magnetic field
i{ntensity dropped from s prak value of ~ 60 nT to
$5-10 nT and its direction cha:ged to an orientation
tranaverse to the X' axis. The outboun! wmagnetic
field obsecrvations are very similar, but with the
polarity reversed. Initial studies of thesa obser-
vations (rc?. 10 1)) Lave f{uterprered them as in-
dicating the presence of a draped-field magnetotail
of quasi-cylindrical cross section composad of two
magnetic lobe regions separated bdy & diasmagnetic
plasma sheet.

The bottom panel of Figure 1| displays s schematic of
the magnetic fleld draping pattern corresponding to
the 1CE magnetic fleld o™servations. The current
sheet forming the outer toundary of tre tail has
been nodeled as a parabola based on the orientatiors
of the normal vectors derived from minisum varisnre
analyses (ref. 10). The model tall surface inter-
sects the X' axis at a subsolser distance of 730 ke
from the nucleus. The outer houndary of the lobes
should sap to the top of the regior of strong field
lire draping upstrean of the dayside conetary “obe-
tacle”™. At talley, the magnetic (ield oheervatiors
(ref. l¢) a~owed a rapid i1~crease Ir magretic field
strengtk at a “iata~ce urstreans of the rucleus that
correspcnded approx=lately to the “collisionopause”
(ref. 1%) where t*¢ =mca- free pat™ for collision=s
betwveer {on2steath (ona 8=~ the outllowi~g crmetary
ntultals beco=en eq.al to Lhe distance 10 the
cleus. Inatde of t™{s disiance & stro~; slovirg of
the fu=aabcaih flow wvas o=erved (ref. 19).

ry-

Radial dersity profiles for w0 snd electro~ de--

ity 1= a anterically ave=etric Atvosr>eric mndel
of fita 1 (=21rer (ref. 1%, ®. L. ™arcort, pri-
vale wamag={catiao~, 19R6) are disrlayes 1n Figure
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Pigurea 1. In the top panel, the ICE magnetfc flald
seasurements around closest approach to
Glacobinti-Zinner have heen projected into
the Z'= X' plane and a parabols (it co
the boundary crowsings. A echematic dia-
gram of the wmain cometary wmagnetotatl
regions in the plane of the IMF {s pre-
sented {n the bottom panel.

2. The collislona) cross sections for H, H30, and
their lons are poorly known (e.g., refl. 17). How-
o»:[s ||’unlng {:luec of @ ~ 2‘ x 10713 and 1.9 «x
10 cw, for H - 0 and u,o - H,0, respective-
ly, mean free pathe ?or these f{onoaheath {ons have
been fgraphed {n Flgure 2. The collistonopause
occute at a redial distance from the nucleus of 1-?
x 107 km as can be seen from the wmean (ree path
profiles, Given the uncertainties {n the extrapo-
lated tat] surface nmodel, the factor of ~ 2 agrae-
ment batween the calculated top of the mapnetlic
barrietr, R., and the extrapolated I[CF magnetotasll
aurface 1o reanonahly good.

The loba-plasma aheet (nterface 1o belleved to map
forward to the diecontinuity seeparating the mag-
netic harrler (rom the out(lowing cometary lono-
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Figure 2. Radisl profiles of Hy0 and electron den
sity from a spherically symmetric wodel
of tha G-Z coas (ref. 16) are presented
and used in the calculstion o&_lann-frcc
paths for (ncldert H  and Hy0 from the
fonoshesth. Arrows f(ndicste the aestima-
ted distances of the suteolar fonopause,
R{, the <collieloaopause, R., asnd ICE
closest approach.

sphere. The prusence of the te=rrier blucks the
sumvard wmotion of cometary fone snd channels thm
downstream to form the plasms sheet between the
twvo magnetic lobes (ref. 18, 19) as shown in the
bottom panel of Flgure 1. The distance to the
contact discontinuity, or fonopasuse, 1ls the point
where the external pressute balances the outward
pressure of the cometary jonosphers and the colli-
sionally couplad neutrale (i.ea., at G-I the fon-
neutral decoupling distance (o~ 2 «x 103 ka). The
distance to the aubsolar fonopause, Ry. calculated
fros balancing magneti{c tension {n the magnet). bar-
rier agatnest the {on-neutral frictional force (ref.
20) yleldse & value of ~ 6 «x 102 ka (raf. 17) as
ifndicated at the bottom of Figure 2.

The ICE wagnetic fleld and piaema alectron observe-
tione are plotted {n Plgure ). The magnetic fleld
shova very sharp inhound and outbound tail houn-
dartes vith rapld tncresses (n I.nl and B4/0r

over the {anoaheath values (ref. 10). By comparti-
son, the stgnatures {n the plasaa electron measurc-
ments vere more gradual sand curresponded to decress-
es {n tewperature and (ncreases in density (ref.
13). The planma hulk spesds {n the tall vere lass
than 10 km/a and too slov to be rellably deterwined
from the electton plasma analyjter weas'irements
(ref. &), In addition, only the radin experiment's
thereal noine wpsctroacopy measurements of electron
density and temperature wvere able to obtain accu-
rate values Ln the very cold ceniral plasss shest
(ref. 3). In the ahsance of lov enargy fon was-
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Figure J. ICE magnetotall obeervations taken with

the JPL vector helium magnetomater (ref. .

1), the ULANL electron plasea analyzer
(ref.4), and the Paris Obeervatory radio
expe iment (ref.5) are displayed.

wuremente, the total thermal plasma preseure has
been estimated by assuming a single T;/T, ratio of
5 which bringe the plasma sheet and lobe pressure:
{nto approxisate balance. Given the expected
variat{ons {n the flow speed at the point of {on
pickup, the ratio of T(/T, shnuld be a functton of
position acroes the tail (ref. 1)). However, even
with thie limitation Tigure 3 still ehowse clearly
the anti-correlation betwveen magnetic and thermal
pressure. The oversll appearance of the G-2 teil
{e very similar to planetary magnatotails at Earth
and Venus (e.g., ref. 21) axcept for the factor of
tvo varist{on in magnetic fleld {ntenstty across the
lobe reglone snd the extreme ccolnass of the plasea
sheet.

Figure 4 shows the electric fleld plasma vave ampli-
tudes detected as ICFE wmade {ts closest approach to
Comet Glacohini-Z{nner. Por comparison, the mag-
netic field weagnitude s plottead in the botton
panel. Por' each E-fleld channel the aaplitude
variation from panel bottow to top le approximately
a factor of 100,000. Dashed curvea dtsplay the
elactron plasma (requency, fo, and the electron
cyclotron frequency, (.4, calculated from the plasaa
density and magnetic fleld aagnitude meamurumenta.
Although fntense plasma waves with amplitudes that
nearly caused esaturation of the {nstrument were
detected over a large reglon outside of the tatl
(ref. ¢), tt can be aeen that only soderate wvave
leveles vere deteacted in the magnetotatl. The {ao-
lated eporadic lovw (requency 1{wmpulees represent
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Figure 4. ICY plasms wave electric fleld amplitudas
in the wagnetotaf{l asre di{eplayed along
with the calculeted plasaa frequency, fp,
and electron cyclotron frequancy, f.q.

dust lmpacts on the epacecraft (ref., 22), vhile the
steady low frequency, f < 3 kHz, vaves are probably
fon acouatic ocecillatfons (vhistlers are ruled out
bacsuse they normally would have a cutoftf in the
range f /4 to f.4/2). The enhancements 1in the
upper channele are clearly related to electron
plasma oscillations which follov the plasmas dansity
variatione {n Figure ) and the mid-fiequency hursts
are broadband turbulence similar to thet detected
at the Parth's plasma sheet.

Energetic cometary fons with I > 65 keV (for wvater
group fona) wvare detected from ~ 1 x 10° ke before
closest approach 7o~ 5 x 10° km aftervards (ref. 7,
8, 2)). Upstream of the bow shock, the fons are
observed flowing generally {n the direction of thae
solar wind, but the iniensit{es are strongly cor-
related with the angle the IMF direction makes to
the eolar wind velocity vector, as expected for
nevly created fone baelng accelerated by the -Vx3
wotional electric f(l{eld., Behind the bow shaock, the
direction of the fone changees (ref. 24, 25) as the
snlar vind (e Aeflected around the cowmetary obsta-
cla. The densities of these heavy cometary fone
tncresse from ~ 1072 ca™3 at o dintance of 1 x 107
knto~ 107! Wm at 3 x 10% K (ref. 26). Within
~ % x 104 km of closest approsch, finite gyro-
tadlus effecta caused by the energetic lons en-
countering the atrong tetl magnetic f{lelds produce
a gradual decreane {n energetic lon {ntenalty as
diaplayed {n Pigure 3. The rotation of the aniso-
tropy vector, not ahown, has bheen uned Lo auccess-
fully infer the oriantation of the croess-tatl cur-
rent layer (ref. 27).



{43 7S Crand DAY 254 j8%
4 v Y T ) J v
. MAONEL.C
TAz [
t
3 Z
>
- .
z ~
g . N
;:' r/"‘,.- '- - S~ ~
- <
A
. - I
. .
;J e
. . -
£ Moy
Lﬂ\*ﬁ- %AW ’ \df\/\ﬁ¥
I A . i . .
0 10 0

-0 2%
2 'CSEJO3 G

Figure S. The ICE energetic patrticle anisotropy
spectrometer (EPAS) channel 1 (1.e., 65~
95 keV for 0°) counting rate near closest
approach s ploctted versus 2'.

. Hagnetopsuse Current Layer

Tre ICE magretic field and plasas analyzer electron
wedsurenents across the 1inbound magnetopause are
plotted on an expanded time scale in Figure 6. The
Guter boundary of the tail 1is marxed bv a rapsd
rise in magnetic fleld i~tensicty, s rotation to-
ward a wmore tsil-like orientation, a decresse in
electron temperature, and an {ncresse in density.
As shown {n the bottos panel, the assumption of T,/
Te ™ 3. wvhich results in spproximate pressure ba-
lance at the lobe-plasma sheet boundaryv, aleo pro-
duces equality betveen the ftonoshesath therasl prees-
sure and the lobe nagnetic field pressure. The
total pressure acrose the mignetopause, however,
cannot be brought into balance with g single Ty/Te-
Accordingly, the magnetopause sust also represent a
d{scontiai.ty in fon tempetature as slready fincor-
porated (n some cometary tail models (ref. 12, 113).
Such a variation {s expected because the flux tubes
wvithin the magnetotail would not be there tad they
not baen mass loaled by their {interaction with the
coma and eloved to & much grester degree than the
flux tubes In the adjacent Llonoeheath. This being
the cese, the theraal speeds of the picked up cone-
tary 1o1e fin the lobes wi]ll be correapondingly less.

In Figute 7, the results of a =3inimua varis~ce
sanalysis of thre 1nbound aagnetopause mean.femen.s
are presented. The curface rornwal was wvell deter-
sined, the nagneric fleld executed a rotation (n
the maxiwum - {ntermediate variance plane, and t e
noreal field conwponent 1s swmall ard coaprrable in
nagnilude to the unzertalnty (n cthat component
associsted vith tha eligenvectnar deteruinatior.
Mence, it can be cuncluded that, locally the
structure of the magnetrpause at the tiae of the ICE
c*osaing appeatrs to be conaistent wit™ that of a
tangentisl discontinuity.

The d rection of the magnetopause normal ir Figure
} Indlicates a large flaring a~gle of a =31° ({.e.,
the complement of the angle tms rormal makas to the
X' axis). A aimllar flaring angle was aleo inferred
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Pigure 6. High reesolution JPL magnetic f1eld ard
LANL electron obeerveatisns acroes t-e {nrn-
bound tail boundary, ot “sagnetopa.se”,
are dieplayed.

for the outbound magnetopause (~>t shown). These
flaring angles are larger thaa t>-:ee observed a
comparable number of solar wind stacd-off distances
down the REerth's aagnetotail (ref. 28). Ia the
case of a magnetosphere, there 18 no eignificant
uase loading due to the high asltitude st vhich the
sagnetopause i{s located. The solsr vind {s, there-
fore, abla to be ra-accelerated up to salar wind-
like speads bdy the time & fluid parcel passes the
dawn-dusk terminator plane. Accordingly, the ran
pressure of the flov, o VisinZa , s able to
generate large external pressures for very saall
flaring anglee. In the case of comets, there is a
convereion uf upstresm ram pressure into thretmal
pressure as the plck-up process creates very rot
ione at the expense of flow aspeed. As s result,
the comsetary wagretopsuse flares to relatively
large angles befsre the ras plus static rressures
balance the Iintgrnal pressure of the tail. Mucn
farther downgtrroan, the {[onoaneath flov evertually
reaches high ayeeds snd the flaring a=zlle de-
cr_.asee {» agreenent vith ground-hased {on tall
ftmaging (ref. 29).

The high resolution magnetic field meagurerents (-
Pigure 7 srsw the G-1 wmagnetopaume (o have teen
croened {n approxi~ately % eec, or ~ 109 =nm. Stu-
diea at the Karth Fave found the widt™ of tne wag-
NOCLOpAuAe ¢ rrent layer to bde 1 - 192 prator myron-
radif (ref, 29). 1In the cate of & creet, It =Ight
be expectr1 that tre heavy lons (7 the {3-ar™eat™,
which account tar moet of the external nresare
(ref. 12, 1)), would be fiaportant Ir deter~i-l-g
the thick~esn f the oguter boundary of t>e tal:.
Hovevat, the u:a’ Ryrotadiue la given by
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7igure 7. ICE wagnetic fleld observatiors across
the f{nbound “aagnetopsuse™ are nlotted
in afafaum varfs~ce coo-dinates xloag

with the eigenvalue ratios, normal di-

rection, and flaring s-gle.
R Gea) = 3 x 107° (T 082Nt

and, 1f the 19% °K picxup lon tempersture adjacent
to t™e tall boundary inferred from modeling scudies
(ref. 1)) and B = 30 rT 1s used, then the H,0  fon
gyroradius (s 197 xa as cowpared with the observed
current layer thickness of 102 ka. Accordingly, tre
thickness of the cometary magretopause does not
appesr to be detersined by the heavy pickup ifons.
Solar wird H®" fons In the {oncsa~eath with te=pera-
tures of 105 to 105 °Kk have gyroradil of ~ 20 ton 0
ka which would be consefstent with the terrescrial
observat{ans of 1-17 !K wile magnetopause current
layers.
. Cross-Tail Current lLayer

Tre [C® mag~etlic fleld obuervation= across the G-2
plassa aheel are plotted o~ an expanded ti~e scaie
ir Figure 9. As dis-~ussed e«arller, the plas~a

treet - lcte (~terface 1s expacted to =ap forward
to the dayslde lorcpause with the pissea otserved
at 1C} bel~g Ilonosp™eric 1ans w=ich have bheen

deflected tallward by the prese~ce 2f t~e Tag-etic
barrier (ref. 19). Tne Glotto mavretic f-eld ob-
servatlona at Halley (ref. la) arowed the :lavaide
loropause 2f t™at comet to be a relattively t-in, <«
107 wa, discontinuity eurface witr little or =o
{~terrlanetsry magnetic (leld penetration Into the
{onpaphere. The I1CE plaasa a'd oagnetic [leld
aeasurese~tly Iin Fig.re %, in contrast, show a very
hroad, -~ lf)) ka, bosnjaries bHetwvern the high heta
Pias3a sheet and the =magnetic lobea. 1Un addittor,
the high [on temreratures required 'o balance
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Figure 8. ICE magneric fiaeld observations in the
cross-tall current layer 4are dispiayed
in minimus variasnce coordinstes along
vith the eigenvalue ratfos, noraal di-
rection. and “neutral sheet™ inclin-

ation angle.

prclourg betveen the lobes and plasma sheet (1i.e.,
Ty =~ 107 °K in Pigure )) sre conslstent with thelr
being picked up by slow, ~ 10 kam/s, flows in che
vicinicty of the fonopause (ref, 13). Accordingly,
the ICY. observations suggest that the G-Z plasms
sheet may be cowposed of both colé fonocspheric and
hotter pick-up fons wnich have pene:irated the iono-
pause.

The stabllity of the cometary lonopause is also fm-
pottant for considerst{on of InCerplacetary magne-
tic fleld peneatration into the forosphere. 1t has
beesn shown using lfinear MHD treatwents that this
curface 13 instrinsically unstable to scveral wodes:
flute, Kelvin-Helwho.tz, snd drag. However, for
the conditio~s that prevall at the fo~opause, the
Kelvin-Heimholtz {instebliity, drivenr %y the vel-
oclity shear, dosalnsces (ref. 3)). Purthermore, the
exiasting nolar wind co~ditions detersine the alze of
this velocity shear, #n¢ for saall shears, ¢ 2 kn/s,
the grovth time of t"e (~stability {s guc* larger
than the convections time. Hence, for sove molar
vind ronditiona the {instadblility does not develop
and the surlace 1s well defined. Accordingly, ad-
ditional studles of solar wind corditiona during
the Clacobini-Zinner enco."tar may be receasary to
resolve t'e stabllitv queazion ard detersine the
origin ot the 53-10 ~T a~agnetic fiulds observed
in the planna sheet.

A ®inimca vartance acglysis has been carried oul on
the o gZretic {lels acroms the central plascma sheet,



~ 11:02:10-11:03:20, with the results displayed at
the bottom of Figure 8. The magneti{c field {n the
naximum—intermedlate vartance plane exhidbita a net
rotatfon from the orientaticn of the {nbound lobe,
Bl1<N, to the outbound 1lobe, BI>O. The minimum
variance direction for this stimple draping pattern
tndicates gn Inclinatton {n the Y'~ 7' plane, 8 .,
of the current layer to the eclipttc of 44.7°,
This result {s 1n excellent agreement with the
determinations of the current sheet orientat{on
by other methods (ref. 11, 13, 27). The non-zero X'
normal component s {ndfcative of the large degree
of flaring {n the G-Z neavr-tail.

The crose-tall current layer at Glacobini{-Zinner {sa
not highly localized as i{n planetary wagnetotails,
but rather {t extends across the full width of the
plasma sheet. If that width is judged on the basis
of the points where the thermal plasma pressure
equals the magnetic field pressure, and the {nclin-
ation of the curreant sheet and the ICF trajectory
ate taken {nto account, then a current layer thick-
ness of 1.5 x 107 km {s found. If the current f{e
to be carried by the heavy tons, then this width
must be comparable to or greater than the H,0
gyroradius. Assuming T(/Te ~ S, I’ ~ 15,000 "K, and
B~ & aT, (1) ytelds Rg = 1 x 107 km. Accordingly,
the tnickness of the cometary crosstail current
sheet {a comparable toc 1-2 {on gyroradii, or similar
to some of the thinnest neutral sheets observed
{n the Earth's magnetotatl (ref.31).

The nature and stability of the cross-tail current
layer (re fundamental questions for all magneto-
tsils. For intrinetc fleld wagnetospheres, the
cross-tail current {a carried by the plasma sheet
tons, primartly H* froam the solar wind, and can be
48 thin as & f{ew {on gyrorasdf{f. In the reconnection
nodels of magnetospheric dynamics, a "sudbstorm”™ {s
{nirtated when thinning of the plasma sheet due to
magrutic flux addition to the lobes has reduced the
curreat sheet width to the point where the ione
becone uynmagnetized. An exponential growth in the
tearing mode 1is then thoupht to occur (ref, 32) and
to result {n the rapid transfer of magnetic energy
into plasms heating and high specd flovs as commonly
observed during substoras.

Observations from the rai.h of abrupt varifations {n
the appearance of cometary rays and the central ton
tatl have led to the hypothesis of reconnection
both in the cross~-tail cutrent layer, and followiny
{nterplanetary sector boundary reversals, at the
dayside ionopause (ref. 33), The results of this
study {ndicate that, assuning a uzo’ dominated plan-~
ma sheet, the CGlacobdini-2Zinner cross-tall g¢ur-
rent sheet is only 1 - 2 fon gyroradii thick., There-
tore, {t {9 potentially wunstable to the tearing
wode instability, {{ Inftiated by sufflciently large
anplitude perturbations or driving forces and
slloved sufficient growth time without being ata-
balfzed by the lighter plusma sheet fon species and
electruns. Howvever, Lt must be noted that none
of ~he dinspatinn efignatures, such as energetic
particle acceleration, high epeed flovs. +/'- B, mag-
netic {lelds, and enhanced plasna wave enissions,
unually ansociated with tafl reconnection at the
Earth vere obmerved dur-ing the brief ICE pasnage
through the G-2 magnetotail.

5 Summary
The ICE mcasurements at P/Glacobint-Zinner whow

the prenence of & wvell defined )} = 10% km clameter
sagnetotall conststing of two magnetic lobes sepa-

rated by a 1.5 x 103 ka wide plasma sheet. In terms
of the global intersction, the high beta plasma
sheet region 18 experted to map back to a ~ 6 x
102 ka radtus {onopause sunward of the nucleus.
The ocuter boundary of the lobe §{s the downstream
extension of the top of the magnetic barrier
which miy correspond to the collisfonopause (1.e.,
RC ~ 10° km). The ICE observations show this boun-
dary to be a thin magnetopause-like current layer.
Minimum vartance analysis of the cometary magne-
topauge ylelds a well determined winimum vartance
direction and a small normal ffeld component
consigtent with {t befng, locally, a tangential
discontinuity. The thickness of the cometary mag-
netopause {8 much less than a heavy fon gyroradius,
{.e., comparahle to several u* gyroradit, The
orientation of the wagnetopause normal ind{cates
the presence of conelderable flaring, o ~ 31°,
and suggests an approximately parabolic ahape for
the near-tail aurface. The <cross-tall current
sheet occuples nearly the full width of the plasma
sheet, but 1s only one or two H,0% gyroradii{ thick.
The thinnese of the cross-tail current gheet 1in
terms of the gyroradius of the heavy {ons rafises
the possibility of msrginal stability against fon
tearing mode reconnection. However, ICE did not
observe sny of the typical magnetospheric signa-
tures of reconnection. Rather, a simple draping
pattern vas observed in excellent agreement with
Alfven's original cometary magnetic tatl model.
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